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Abstract The acceleration mechanism of EUV/X-ray jets is still unclear. For
the most part, there are two candidates for the mechanism. One is magnetic re-
connection, and the other is chromospheric evaporation. We observed a relatively
compact X-ray jet that occurred between 10:50 – 11:10 UT on February 18, 2011
by using the Solar Dynamics Observatory/Atmospheric Imaging Assembly, and
the X-ray Telescope, Solar Optical Telescope, and EUV Imaging Spectrometer
aboard Hinode. Our results are as follows: 1) The EUV and X-ray observations
show the general characteristics of X-ray jets, such as an arch structure strad-
dling a polarity inversion line, a jet bright point shown at one side of the arch
leg, and a spire above the arch. 2) The multi-wavelength observations and Ca
II H-band image show the existence of a low-temperature (∼ 10 000K) plasma
(i.e., filament) at the center of the jet. 3) In the magnetogram and Ca II H-band
image, the filament exists over the polarity inversion line and arch structure is
also straddling it. In addition, magnetic cancellation occurs around the jet a few
hours before and after the jet is observed. 4) The temperature distribution of
the accelerated plasma, which was estimated from Doppler velocity maps, the
calculated differential emission measure, and synthetic spectra show that there
is no clear dependence between the plasma velocity and its temperature. For
the third result above, observational results suggest that magnetic cancellation
is probably related to the occurrence of the jet and filament formation. This
result suggests that the trigger of the jet is magnetic cancellation rather than
an emerging magnetic arch flux. The fourth result indicates that acceleration
of the plasma accompanied by an X-ray jet seems to be caused by magnetic
reconnection rather than chromospheric evaporation.
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1. Introduction
Jet-shaped eruptions are often observed in extreme-ultraviolet (EUV) regions
and/or in soft X-rays. These eruptions are called EUV/X-ray jets. The jets are
characterized by nearly collimated high-speed flows. Many studies have shown
that EUV jets and X-ray jets are associated with each other. The fundamental
physical process of EUV and X-ray jets is believed to be the same. The first
observations of X-ray jets (e.g., Shibata et al., 1992; Strong et al., 1992) were
carried out with the soft X-ray telescope (SXT; Tsuneta et al. (1991)) on board
Yohkoh (Ogawara et al. (1991)). X-ray jets consist mainly of hot (> a few MK)
and fast (∼ a few 100 km s−1) flows, and magnetic reconnection is believed to
be one of the drivers for the jet. An early physical model of the jet was presented
by Shibata et al. (1994). In their model, the magnetic reconnection which oc-
curs between the emerging flux and a pre-existing coronal field causes the jet.
Typically, two types of flows are expected in this model. One is the flow directly
accelerated by magnetic reconnection, and the other flow is related to chromo-
spheric evaporation. The flow-related magnetic reconnection is accelerated by a
magnetic tension force, and its velocity almost reaches the Alfven velocity. On
the other hand, the flow related to chromospheric evaporation is accelerated by
a pressure gradient force, and its theoretical upper limit is approximately 2.35
Cs, where Cs is the sound speed (Fisher et al., 1984). So far, these flows and
associated jets were well reproduced by numerical simulations (e.g., Yokoyama
& Shibata, 1995). One of the observable differences between the reconnection
flow and chromospheric evaporation is the temperature dependence. It is gener-
ally believed that magnetic reconnection flows are independent of temperature,
although chromospheric evaporation is a temperature-dependent flow. In a large
flare, several studies have confirmed both chromospheric evaporation (e.g., Mil-
ligan & Dennis, 2009; Imada et al., 2015) and magnetic reconnection flows (e.g.,
Innes et al., 2003; Imada et al., 2013), individually. By contrast, in the case of
small jets, it is generally difficult to distinguish which flow signature is associated
with magnetic reconnection or chromospheric evaporation in the jet structure.
Temperature dependence of the flows has been discussed to distinguish the origin
of the flow (e.g., Imada et al. (2007), Imada et al. (2011b), Tian et al. (2012)).
Matsui et al. (2012) attempted to reveal the acceleration mechanism of jets
by using multi-wavelength spectroscopic observations; they claimed that the
acceleration is caused by chromospheric evaporation and magnetic reconnection
simultaneously.
Standard jets are primarily discussed in two dimensions. Moore et al. (2010)
discussed polar X-ray jets in three dimensions and found that there are two
types of the jets, one is a standard jet and the another is called “blowout jet”
which needs a three-dimensional structure. In their model, the arch structure of
magnetic fields straddles the polarity inversion line, the core field also straddles
the inversion line inside of the arch, and open fields exist around them, before jet
outbreaks. Magnetic fields that are strongly sheared emerge inside of the arch
structure. Then, the arch is pushed up, and the current sheet is formed between
the arch and the open field. After that, magnetic reconnection occurs, and the
eruption begins. At one side of the leg of the arch, which forms the current sheet,
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small arches of heated magneto fields are built; this is called jet bright point
(JBP). JBPs are observed clearly in the X-ray band. Reconnections between the
arch and open fields stretch the core arch and reconnection site, which form a
wide (curtain-like) spire, and continue to form a JBP. Then, a tether-cutting
reconnection occurs between the core arch and the sheared emerging flux, which
builds a flare arcade that straddles the polarity inversion line. Finally, the emerg-
ing flux and the open fields are reconnected, which also forms arch structures
and causes filament eruption. After the jet develops, the arch, the open field,
and JBP, which are reconnection-heated, are observable. Only blowout jets have
sheared and twisted magnetic fields and are accompanied by filament eruptions;
these are the main differences between standard jets and blowout jets. From
coronal EUV and X-ray observations, Moore et al. (2013) indicated that the
number of standard jets and blowout jets are almost the same.
Recently another model of jets was discussed by Sterling et al. (2015). Before
the jet occurs, there is an arch structure that straddles the polarity inversion
line, a twisted magnetic field which winds small-scale filaments (mini-filaments)
side by side, and open fields also exist. In this model, the jet is a result of the
mini-filament eruption. This eruption is accompanied by a small flare, which
is seen as the JBP, beneath the erupting mini-filament. Because of this, the
location of the JBP is different from the location predicted by the Moore et
al. (2010) picture. The cause of the mini-filament eruption is magnetic field
cancellation, emerging flux, or something else, while the Moore et al. (2010) idea
is based on the emerging flux model. Subsequently, reconnections occur between
twisted fields and open fields, which build a heated arch structure and spire. Such
a mini-filament eruption model was numerically reproduced by Wyper et al.
(2018) using three-dimensional magnetohydrodynamic simulations. Sterling et
al. (2015) also said that both standard jets and blowout jets are basically caused
by same mechanism, mini-filament eruption. When mini-filament eruption is
largely confined inside of the jet-base region, it results in a standard jet. On the
other hand, when mini-filament eruption is ejective, it results in a blowout jet.
Moreover, there are two apparent differences between Moore et al. (2010) and
Sterling et al. (2015). One is that filament eruption occurs inside of the arch
in Moore et al. (2010) but occurs outside of the arch in Sterling et al. (2015).
Another is the direction of the spire; it approaches the JBP in Moore et al.
(2010) but moves away from the JBP in Sterling et al. (2015).
Kamio et al. (2007) derived velocity structures of north-polar jets in coronal
holes by spectroscopic observations. As a result, blue-shifted plasma is located
above the bright loops and red-shifted plasma is located at the foot of the bright
loops. Madjarska (2011) found that a temperature of 12 MK and density of
4×1010cm−3 in the energy deposition region of the X-ray jet occurred in the quiet
Sun. These results are obtained from spectroscopic observations of Fe XXIII
(263.76 A˚) and a pair of Fe XII lines. Young (2015) found jet-like structures,
which are named dark jets, in Doppler velocity maps obtained by spectroscopic
observations in coronal holes that cannot be seen by imaging instruments. Al-
though they claimed that these dark jets are as common as regular coronal-hole
jets, the mass flux seemed to be approximately two orders of magnitude lower.
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In this paper, we discuss the acceleration mechanism of plasma by an X-
ray jet that occurred with magnetic cancellation and formation of a filament.
To do this, we estimate the temperature distribution of the accelerated plasma
by using Doppler velocity maps obtained from spectroscopic observations and
differential emission measures of the jet estimated from multi-wavelength EUV
observations.
2. Data and observations
We observed a jet that occurred between 10:50 – 11:10 UT on February 18,
2011 in NOAA active region 11158. The jet was relatively compact (50” × 50”),
and it continued for about 20 min. The temporal variation of X-rays obtained
from Geostationary Operational Environmental Satellite (GOES) 15 is shown
in Figure 1. The vertical dashed lines in the figure represent the time interval
of the jet. There are small enhancements in X-rays around 11:00 UT, which is
associated with the EUV/X-ray jet. The jet is located near the southwest limb
(X,Y ) ∼ (750′′,−250′′), and plasma associated with the jet erupts toward the
north. The spire of the jet orients nearly parallel to the surface rather than
standing up vertically. This means that the ambient coronal fields along which
the spire develops are leaning sideways unlike usually depicted in cartoons or
simulation results. However, the fundamental dynamics of the jet should be
same because the ambient fields constraining the spire are still in the corona
even though it is not standing vertically.
2.1. Data
We used Solar Dynamics Observatory (SDO)/Atmospheric Imaging Assembly
(AIA; Lemen et al. (2012)) to determine the entire time evolution of the jet.
The SDO/AIA instrument acquired full-Sun images with a spatial resolution
of 1000 km. We used the AIA spectral channels at 94, 131, 171, 193, 211,
304, 335, and 1600 A˚ to analyze the high temporal evolution of the jet (∼24 s
in 1600 A˚ and ∼12 s in other bands). Each of the AIA channels has different
temperature coverage. The AIA 304, 171, 193, 211, 335, 94, 131, and 1600-
A˚ channels represent 104.7, 105.8, 107.3, 106.3, 106.4, 106.8, 107.0, 104.0 K plasma
in the case of flares (Boerner et al. (2012); Lemen et al. (2012)), respectively.
The X-Ray Telescope (XRT (Golub et al., 2007)) on board Hinode, which has
a high spatial resolution (∼2 arcsec) and a wide temperature coverage (6.1 <
logT < 7.5), was also used to determine the time evolution of the jet. The
XRT observed the jet in each 156-s interval with a Thin Be filter, which has
a maximum temperature response of approximately 10 MK (Narukage et al.,
2014).
AIA and XRT data were processed by the aia_prep and xrt_prep routines
in SolarSoftWare (SSW, Freeland & Handy (1998)) to eliminate instrumental
effects caused by warm, hot, and dusty pixels, the dark current pedestal, and
others.
The EUV Imaging Spectrometer (EIS) aboard Hinode is a high spectral-
and spatial-resolution spectrometer aimed at studying dynamics in the corona
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(Culhane et al., 2007). The Hinode EIS observed the EUV jet in a slit-scanning
mode with a 2” wide slit and exposure duration of 5 s at each scanning point.
During the jet, EIS successfully obtained EUV images and line-of-sight (LOS)
velocities (Doppler shift) in several emission lines with ∼1500 km spatial res-
olution. By using a series of Fe emission lines (from Fe X (Te ∼ 105.8) to Fe
XV (Te ∼ 106.3)), we can reveal the temperature dependence of the fine-scaled
structure and dynamics associated with the jet. EIS data from the raster were
processed using the EIS software provided by the team, which corrects for flat
field, dark current, cosmic rays, hot pixels, and slit tilt. For thermal reasons,
there was an orbital variation of the line position, causing an artificial Doppler
shift of ±20 km s−1 that has a sinusoidal behavior. This orbital variation of the
line position was corrected using the housekeeping data (Kamio et al., 2010).
2.2. AIA observations
In order to study the temporal evolution of the EUV jet, we analyzed AIA data
of February 18, 2011 from 10:50 to 11:10 UT. The development of the EUV jet
can be clearly seen in AIA 304 A˚ movie (movie S1). Figure 2 shows snapshots
of the temporal evolution of the jet from immediately before the occurrence
to after the decay observed by AIA at 304 A˚. The jet started around 10:54
(Figure 2 (a)) and finished around 11:06 (Figure 2 (g)). The typical structures of
blowout jets, such as JBP (Figure 2 (b)), spire (Figure 2 (d)), and development
into a wide curtain-like spire (Figure 2 (f)), were clearly observed. Based on
the model of a blowout jet (Moore et al., 2010), there were magnetic fields
that had an arch structure straddling a dark region equivalent to the sheared
filament (Figure 2 from (a) to (c): green arrows). Firstly, the current sheet formed
between ambient magnetic fields and the arch structure fields, and magnetic
reconnection occurred there. As the magnetic reconnection developed, magnetic
fields were heated and a spire formed (Figure 2 (d): white arrows). Then, the
sheared filament reconnected with the outer magnetic fields and erupted to the
Solar-Y (northward) direction. A curtain-like spire and JBP also formed at the
same time owing to the reconnection with outer magnetic fields (Figure 2 (f):
yellow arrows).
The AIA images in the different bands show the temperature difference in
the temporal evolution of the EUV jet. Figure 3 shows a snapshot of the jet
with multi-wavelength bands between 10:56:17 and 10:56:27 UT (Figure 3),
corresponding to the beginning of the jet, which expanded around the dark
region. From the top-left in Figure 3, 131, 335, 193, 304, 94, 1600, 171, and 211
A˚ images are shown. We can observe jet-like structures, similar to 304 A˚ , in all
images except for 1600 A˚. In all the bands except for 1600A˚ (f), there are dark
void structures surrounded by a brighter jet. On the contrary, in the image of
1600A˚, a bright region can be seen where dark regions typically exist in other
bands.
The left panel of Figure 4 shows an enlarged image to highlight the jet from
Figure 3 (d), overlaid with contours of intensity of the image of Figure 3 (f).
The right panel also shows an enlarged image of Figure 3 (f). Although there is
a three-second gap between the two images, the bright region in 1600 A˚ clearly
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exists in place of the dark region in 304 A˚ . Therefore, these images imply that
there is a cool (∼ 10 000 K) plasma, i.e., a filament, in the center of the EUV
jet.
To estimate the apparent velocity of the jet, we created a time–distance plot
along the white line in Figure 2 (g). This white line approximately indicates the
jet direction. It is defined by the vertical bisector between both geometric centers
of the bright regions seen in the decay phase (e.g., Figure 2 (g)). The horizontal
axes of Figure 5 represent UT during the occurrence of the jet and the vertical
axes represent distance along the white line of Figure 2(g). Diamond symbols
represent the distances between the upper border of the bright region and the
base of the jet along the white line of Figure 2(g). Sometimes diamond symbols
are not plotted because we removed the data obtained when the telescope was
in flare-mode. Each apparent velocity is calculated from the incline of each solid
line, which is fitted to the diamond symbols by the least-squares method. Table 1
shows the results of the apparent velocities in each wavelength. The apparent
velocity of the jet in 1600 A˚ cannot be calculated because the arch legs of
Figure 2(g) do not exist.
2.3. XRT observations
Figure 6 shows the results obtained from the observations by the XRT with
the Thin Be filter. The maximum temperature response of this filter is at ap-
proximately 10 MK (Narukage et al., 2014). Figures 6 (a) and (b) show the
solar corona before the EUV jet was observed in soft X-rays. In Figures 6 (c)
and (d), there is an arch structure, and a spire (white arrows) extends along
to Solar-Y (northward) direction. In Figure 6 (d), a relatively bright region,
which represents a JBP (yellow arrows) is observed at the left base of the arch.
The spire disappeared and the arch structure decayed in Figure 6 (e); however,
the JBP still appeared bright, which implies that the JBP is at a much higher
temperature than other regions.
Unlike the images obtained by AIA, the curtain-like structure of the spire
cannot be seen (Figure 2 (f) and Figure 6 (d)) and the arch structure can be
seen more clearly (Figure 2 (e) and Figure 6 (c)). Moreover, the JBP is much
brighter than the other leg, which is more obvious than in the AIA images.
2.4. EIS observations
Figure 7 shows the Doppler velocity maps and intensity maps around the jet
observed by Hinode/EIS with 184.54A˚ (Fe X; log10 T ∼ 6.00), 195.12A˚ (Fe
XII; log
10
T ∼ 6.10), 264.78A˚ (Fe XIV; log
10
T ∼ 6.30) and 284.16A˚ (Fe
XV; log10 T ∼ 6.30) (Culhane et al., 2007) from 10:57:38 UT to 11:03:25 UT.
Matching the result of AIA, flows of plasma along the open magnetic field (spire)
form blueshifts, and reverse flows create redshifts, at the both ends of the arch.
There is a gap in the range of the observations along Solar-Y (north-south)
direction between the short wavelength side (184.54A˚ and 195.12A˚) and the
long wavelength side (264.78A˚ and 284.16A˚.)
Figure 8 shows line profiles in the region, where each white arrow of Figure 7
indicates each wavelength window. The columns on the left, center, and right
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represent those of the JBP, spire, and right leg of the arch, respectively. Each
row corresponds to each wavelength window. These profiles are fitted by double
Gaussian curves to separate the profiles into plasma with a high and low Doppler
velocity (red and blue lines). Each gray line represents the sum of the red and
blue lines. Plasma with Doppler blueshift can be seen precisely at the same
location as the spire (center column), and it can also be seen with Doppler
redshift where both of the legs of the jet appeared (left and right columns) in
all wavelength windows. Table 2 shows Doppler velocities for each region and
wavelength. A positive value represents the redshift direction.
To study how plasma is accelerated in the jet, we derived temperature distri-
butions of radiative intensity at each wavelength emitted from the accelerated
plasma, as follows:
i) Estimate the differential emission measure (DEM) of the jet from six wave-
length observations of AIA (131A˚, 335A˚, 193A˚, 94A˚, 171A˚ , and 211A˚) by
using the code developed by Aschwanden et al. (2011) for each region (spire,
left leg, and right leg). The calculated temperature range and its resolution
are from 5.7 to 6.3, and 0.05 in log scale, respectively.
ii) Derive the synthetic spectra radiated from the accelerated plasma in each
region and in each bin of temperature (regarding DEM outside the bin as
zero) from the estimated DEM by using the atomic database CHIANTI and
ch_synthetic.pro (Del Zanna et al. (2015)). The wavelength resolution is set
at 0.02A˚. The electron density is assumed to be the root square of the emission
measure, which is the DEM integrated over temperature within the calculated
range. The default CHIANTI ionization equilibrium table is used. Only the
radiation values from Fe X, Fe XII, Fe XIV, and Fe XV are calculated.
iii) Extract the intensities whose wavelengths are 184.54A˚, 195.12A˚, 264.78A˚, and
284.16A˚ from the derived spectra for each temperature bin.
iv) Calculate the rate of which temperature band of plasma emitted the radiation
at each wavelength.
According to the above, we obtained plasma temperature distributions of
radiative intensity at each wavelength. Figures 9 (a), (c), and (e) show the
temperature distributions of radiative intensities estimated from the DEM and
the spectra in the spire, left leg, and right leg, respectively. Red, blue, green,
and brown lines indicate 184.54A˚ (Fe X), 195.12A˚ (Fe XII), 264.78A˚ (Fe XIV),
and 284.16A˚ (Fe XV), respectively. Each solid line in (b), (d), and (f) indicates
the DEM calculated by the code of Aschwanden et al. (2011) using AIA data,
and each arrow represents the Doppler velocity obtained from EIS (a right-
pointing arrow represents plasma accelerated toward the downward direction).
Each range between a pair of dashed lines represents ±1σ of each temperature
distribution, where σ is the standard deviation of the temperature distribution
fitted by a Gaussian. It can be seen that the DEM of the largest part of the
accelerated plasma observed by EIS does not change considerably depending
on the temperature at each wavelength. We found there is no dependence of
Doppler velocity on plasma temperature.
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2.5. SOT observations
Here, Figure 10 shows an observation image of the chromosphere obtained from
the Ca II H band by Hinode/SOT at 11:00:59 UT. There is a bright, bold, curved
line from x = 735 arcsec, y = −260 arcsec to x = 740 arcsec, y = −245 arcsec,
which represents a flux rope with a helical structure. This flux rope matches the
image obtained from AIA at 1600 A˚ and pierces the dark region observed with
AIA, except at 1600 A˚.
Figure 11 shows the time evolution of the condition of the magnetic fields
around the location of the jet. White regions represent positive flux and black
regions represent negative flux. Panels (a), (b), and (c) show the conditions a
few hours before the occurrence of the jet. The jet is occurring from Panels (d)
to (f). Panels (g) and (h) show conditions a few hours after the jet. Figure 12
shows the magnetic field map when the jet occurs, as in Figure 11, and intensity
contours of the chromospheric image of Figure 10 are overlapped with red and
orange lines. It can be seen that the arch structure observed with the Ca II H
band is straddling the polarity inversion line.
In Figure 11, negative flux regions seem to get smaller with time. As a result,
we measured the evolution of the unsigned magnetic flux where the jet occurs
and around the same region for the whole day the jet occurred. To remove
the effects of other unrelated elements, we observed the unsigned flux over 30
G. Figure 13 represents the result. The red, blue, and dashed lines represent
positive flux, negative flux, and the times when the jet began and disappeared,
respectively. According to the result, both negative and positive fluxes definitely
decrease before and after the jet occurred, which indicates magnetic cancellation
occurred. The arch structure and filament observed with the Ca II H band
straddles the polarity inversion line in this area, which suggests that magnetic
cancellation is related to formation of the filament and occurrence of the jet.
Positive magnetic fields often increase because sunspots close to them generate
positive fields. Furthermore, at 16:00 UT, the negative flux suddenly increased
because a sunspot came into the measured area. Apparently, they are unrelated
to the trigger of the jet.
3. Discussion and summary
We have shown the results of observations of the relatively compact X-ray jet
that occurred at 10:50 – 11:10 UT on February 18, 2011. The data were obtained
from SDO/AIA, Hinode/XRT, SOT, and EIS. Our results are as follows.
1) EUV and X-ray observations by AIA and XRT show the general character-
istics of X-ray jets, such as JBP, spire, arch structure, and the spire expanding to
the right and left. 2) Low-temperature (∼ 10 000K) plasma (i.e., a filament) was
observed with multi-wavelength observations by AIA and the Ca II H band image
by SOT at the center of the jet. 3) The filament above the polarity inversion
line and the arch structure straddling it were found in the magnetogram and the
Ca II band image obtained by SOT. Moreover, magnetic cancellation occurred
around the jet a few hours before and after the occurrence of the jet. 4) The
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velocity of accelerated plasma did not depend on its temperature, according to
the temperature distribution calculated from DEM and CHIANTI.
Comparing observations by AIA, SOT, and XRT to the model of a jet depicted
by Moore et al. (2010) and Sterling et al. (2015), there are many common
features, e.g., an arch structure straddling the polarity inversion line, a JBP
positioned at one side of the arch legs, an expanding spire, and an erupted
filament. It seems to be impossible to recognize the difference between these two
models (whether filament eruption occurs inside of the arch or outside, and the
direction of expansion of the spire) from observational data. Consequently, in this
study, both models are applicable. As mentioned in point 3), observational results
obtained from SOT suggest that magnetic cancellation is probably related to
the occurrence of the jet and filament formation. In some previous studies (e.g.,
Young & Muglach (2014a), Shen et al. (2017), Sterling et al. (2017), Panesar
et al. (2018), and Kumar et al. (2019)), the magnetic cancelation is observed
around the polarity inversion line associated with the jet although it is not
observed in all jets. This result suggests that the trigger of the jet is not the
emerging magnetic arch flux as described in Moore et al. (2010); the jet is rather
caused by magnetic cancellation as described by Sterling et al. (2015).
The acceleration mechanism of a coronal jet is still controversial. The tempera-
ture distribution of the accelerated plasma estimated from Doppler velocity maps
obtained from EIS, the DEM calculated by the code developed by Aschwanden
et al. (2011) with the six-wavelength observations of AIA, and the synthetic
spectra derived from CHIANTI code (Del Zanna et al., 2015) together show that
there are no clear dependencies between plasma velocity and its temperature.
Moreover, apparent velocity obtained from AIA multi-wavelength observation
has no dependence on plasma temperature. These results indicate that the
acceleration of plasma accompanied by an X-ray jet seems to be caused by
magnetic reconnection rather than chromospheric evaporation.
In this study, we neglected the non-equilibrium ionization effect. Generally,
plasma is far from equilibrium when plasma is rapidly heated (Imada et al.,
2011a). The violation of the ionization equilibrium naturally causes the increas-
ing of the line formation temperature. Non-equilibrium ionization effect in the
EUV jet is the important future work.
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Figure 1. Time evolution of X-rays obtained from GOES 15. Vertical dashed lines represent
when the jet occurs and disappears.
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Figure 2. Temporal evolution of the jet obtained by SDO/AIA at 304 A˚. Dark region sur-
rounded by bright region is observed from (a) to (c) (green arrows). Spire is clearly observable
in (d) and (e) (white arrows). Yellow arrows point to a jet bright point (JBP). White line in
(g) approximately indicates the jet direction.
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Figure 3. Result obtained by AIA in multiple wavelengths. Upper row, observations at 131,
335, 193 and 304 A˚. Lower row, observations at 94, 1600, 171 and 211 A˚.
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Figure 4. Left panel: Depicts contours of observations at 1600 A˚ over the image obtained at
304 A˚. Location of bright region observed at 1600 A˚ corresponding to a dark region observed
at 304 A˚. Right panel: The image obtained at 1600 A˚.
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Figure 5. Time-distance plot along white line in Figure 2 (g). Diamond symbols represent
the distance between upper border of bright region and jet base. Solid lines are fitted by least
squares method, with which we calculated vertical line-of-sight velocities.
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Figure 6. Time evolution obtained from Hinode/XRT with Thin Be filter. White and yellow
arrows represent spire and JBP, respectively. JBP still exists after jet decays (e).
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Figure 7. Upper row shows Doppler velocity maps and lower row shows intensity maps around
the jet in Fe X (184.54 A˚), Fe XII (195.12 A˚), Fe XIV (264.78 A˚) and Fe XV (284.16 A˚) obtained
from Hinode/EIS. Both of the legs of the arch have a redshift and the spire has a blueshift.
We obtained each line profile at the region indicated by white arrow.
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Figure 8. Line profile at the region of Figure 7 indicated by white arrow. Left, center, and
right column represent those of the JBP, spire, and right leg of the arch, respectively. Each
column represents each wavelength window. Profiles are fitted with double Gaussians. Each
gray line represents sum of red and blue lines.
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Figure 9. Temperature distributions of plasmas which radiate each wavelength emission (a,
c, e) and DEM (b, d, f) in spire (a, b), left leg (c, d) and right leg (e, f), respectively. Red,
blue, green and brown lines indicate 184.54A˚ (Fe X), 195.12A˚ (Fe XII), 264.78A˚ (Fe XIV)
and 284.16A˚ (Fe XV), respectively. Each dashed line represents 1σ of Gaussian fitting of
each temperature distribution. Arrows represent Doppler velocity measured by EIS. Left- and
right-pointing arrows represent blue shift and red shift, respectively.
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Figure 10. Result of observation obtained from Hinode/SOT with Ca II H band. There is a
strongly bright curve, which is thought to be a filament (white arrow).
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Figure 11. Time evolution of magnetic conditions obtained from Hinode/SOT. White regions represent positive flux and black regions represent negative
flux. From (a) to (c), both white and black regions where jet occurs move closer to each other, and from (d) to (h), black region gradually disappears
with time.
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Table 1. Apparent velocities of the jet in each wavelength calculated from
the observational results of AIA.
wavelength of AIA (A˚) 131 335 193 304 94 171 211
apparent velocity (km/s) 77 71 64 61 37 55 57
Table 2. Doppler velocity (km/s) at each region and each wavelength measured by indicated
line profile (Figure 8).
184.54A˚ (Fe X) 195.12A˚ (Fe XII) 264.78A˚ (Fe XIV) 284.16A˚ (Fe XV)
spire -120 -190 -170 -190
left leg 180 230 190 50
right leg 160 210 160 150
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Figure 12. Contours of results obtained in Ca II H band drawn with red and orange lines
over the magnetic conditions. Arch structure is seen to straddle polarity inversion line and
strongly sheared filament.
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Figure 13. Time evolution of magnetic unsigned flux during the day the jet occurs. Red line,
blue line, and dashed lines represents positive flux, negative flux, and the time jet begins and
ends, respectively. Negative flux decreases before and after jet occurs.
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